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ABSTRACT 
Objectives: Bioaerosols can damage the airways and the lung by their inflammatory 
and toxic properties but their effects have been studied prospectively very seldom in 
garbage and wastewater workers. The objective was to assess prospectively 
respiratory health in wastewater workers and garbage collectors taking into account 
the healthy worker effect. 
Methods: Exposure was assessed at baseline and then yearly through a 
standardized interview and was compared to endotoxin concentrations. Respiratory 
symptoms, asthma, symptoms of bronchitis, and lung-specific proteins were 
assessed in a cohort of 304 controls, 247 wastewater and 52 garbage workers at 
baseline and follow-up 5 years later. Forced expiratory volume in 1 second (FEV1) 
and forced expiratory volume in 1 second / forced vital capacity (FEV1/FVC) were 
measured yearly. Reasons for changing job were recorded. Results were analysed 
with random coefficient models and linear regression taking into account several 
potential confounders.  
Results: A slight healthy worker effect was found. Symptoms, FEV1 or FEV1/FVC 
were not affected by occupational exposure. Lung specific proteins were not 
affected in a clinically relevant way. Smoking and obesity were important 
confounders. 
Conclusions: In this population of workers exposed to bioaerosols life style factors 
played a preponderant role. Contrary to older studies, effects of occupational 
exposure were not found any more.  
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What this paper adds 
 
 
 
Bioaerosols can damage the airways and the lung but their effects have been 
studied prospectively very seldom in garbage and wastewater workers. 
The objective was to assess prospectively over 5 years respiratory health in 
wastewater workers and garbage collectors taking into account the healthy worker 
effect. 
A slight healthy worker effect was found. Respiratory health was not affected by 
occupational exposure.  
This study adds new knowledge for risk assessment of occupational exposure to 
bioaerosols in garbage and wastewater workers. 
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INTRODUCTION 
In the last ten years, quite varied findings have been reported regarding the 
increased risk of respiratory disease in garbage collectors and wastewater workers 
making an occupational risk assessment difficult.[1-7] Although this may be 
explained partly by different work conditions, methodological factors are likely to 
play a role. Indeed, as these studies were cross-sectional or limited to a short time 
period they may have been influenced by previous exposure(s), healthy worker 
effect, and variability of spirometric tests. Follow-up studies are more suitable for 
examining causal relationships. 
In occupational risk assessment a further issue is the value of lung-specific 
proteins.[8] Lung-specific proteins are synthesized predominantly in the airways 
and/or lung and comprise, among others, Clara cell protein (CC16), surfactant 
protein (SP)-A, and SP-D. SP-D and SP-A are hydrophilic collectins with a structure 
and function distinct from those of SP-B. They probably play a role in the regulation 
of innate immunity and are assumed to play a role keeping the lung in an uninflamed 
state despite daily exposure to microbes and their derivatives.[9-11] After inhalation, 
bioaerosols can cause organic dust toxic syndrome. Cell wall components of 
bacteria are important causes of this disease [12, 13] characterized by an alveolitis 
affecting the lung-blood barrier with reduced diffusing capacity and increased 
permeability to plasma proteins.[14-17] Inflammation-induced increased permeability 
has been suggested to be bidirectional.[8] Consequently, plasma concentration of 
lung-specific proteins should increase.[18] Moreover, studies have shown that low 
lipopolysaccharide or lipoteichoic acid concentrations are capable of causing a 
subclinical inflammatory reaction.[12, 19] Thus, lung-specific protein leakage may be 
an early sign of exposure to bioaerosols from garbage or wastewater. As 
bioaerosols also have toxic effects chronic exposure to bioaerosols could damage 
lung protein epithelial secretory cells, reducing their number and/or integrity. If this 
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assumption is true, the decreased protein synthesis would be reflected in less lung-
specific protein leaking into the blood and decreased serum concentrations. These 
hypotheses have been examined for bioaerosol-induced effects only for CC16 in 
human volunteers and in rats.[18, 20] 
The purpose of this study was to assess prospectively incident respiratory 
symptoms, spirometry, and the lung-specific proteins, Clara cell protein, SP-A, SP-
B, and SP-D in workers exposed to bioaerosols. The hypothesis was that 
occupational exposure causes respiratory symptoms, an obstructive syndrome, and 
toxic or inflammatory-induced changes in serum lung-specific proteins. 
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SUBJECTS AND METHODS 
Examinations took place in the frame of a mandatory assessment of occupational 
risks. The study protocol was approved by the Swiss National Accident Insurance 
Fund. All workers were informed about the purposes of the risk assessment and 
gave written consent. The study design has been described with the results of the 
baseline examination [4] and is only summarized here. 
Subjects 
Eligible were municipal manual workers from the Canton of Zurich (Switzerland). All 
workers exposed to garbage dust from the two largest cities and all workers 
exposed to wastewater in the Canton of Zurich had the opportunity to participate 
whereas the groups of control subjects were approached one by one and asked for 
participation, until enough control subjects had entered the study according to 
power calculations.[4] 
Garbage collectors and workers from wastewater plants were compared to control 
subjects comprising gardeners, workers maintaining waterways, public transport 
workers, and forestry workers. Overall, 778 subjects entered the study at baseline 
(participation: 61%). 470 subjects declined participation, and 18 could not be 
examined (organizational reason, sick leave). Overall, nonparticipants at baseline 
were somewhat older (47 vs. 44 years) and more often foreigners (52 vs. 34 %). 
Gender was not associated with participation (44 eligible women; p = 0.4).  
Participation in two plants was particularly low: in one of the two plants of garbage 
collectors (21 %) and in the plant of public transport workers (15%). Median age 
was fairly similar in participants and non participants from these two plants (within 5 
years or less).  More foreign than Swiss garbage collectors from the low 
participation plant participated, whereas the reverse was found in public transport 
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workers. Importantly, nonparticipating garbage collectors from the plant with low 
participation had the same tasks as those participating. Gender did not differ. 
Methods 
The baseline (June 2000 - July 2002) and the four annual follow-up examinations 
(5th examination between August 2004 and May 2006) were planned at one-year 
intervals but could be advanced or postponed because of holidays, illness, or 
increased workload. The minimal interval between two consecutive examinations 
was six months. As soon as we knew a worker had left, he was contacted and 
asked to complete a short checklist on the reasons for leaving. After three 
unsuccessful attempts by phone and/or by mail, workers were declared missing.  
Each physician examined exposed and unexposed subjects. The coding of the 
answers was reviewed by the study coordinator and divergences resolved by 
checking information and codes. At every follow-up examination workers were 
asked whether they had been diagnosed with asthma or had seen a doctor because 
of respiratory problems since the previous examination. Questions about respiratory 
symptoms and conditions were taken from the SAPALDIA study without changing 
wording [21-23] (see appendix). At baseline, smoking was assessed (questions 
from the questionnaire of the European Community of Steel and Coal, revision 
1967). At the 5th examination changes in smoking category were looked for. 
Smoking habits were recorded for subjects having started smoking during the study 
or assumed to have remained within their initial category in the other smokers. As 
smokers’ counselling during study could have distorted the responses at the 5th 
examination, urinary cotinine was used to test the reliability of the answers about 
smoking (laboratory cut-off for non smokers < 0.1 mg/g creatinine). Positive and 
negative predictive values of at least 85 and 90 % were a priori considered as 
showing no important bias.[24] Socioeconomic level was defined by the highest 
education level attained at age 20. 
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Exposure was assessed individually at every examination with the same 
questionnaire and defined by exposure type at the beginning of follow-up (control, 
sewage or garbage), duration of exposure to wastewater or garbage during follow-
up (considering changes in occupational duties during follow-up), occurrence of 
splashes of raw sewage and exposure to raw sewage during follow-up. Sixteen 
subjects currently exposed to both garbage and wastewater had nearly the same 
duration of exposure to wastewater (median 11; percentile 5th – 95th: 0.5 – 21.0 
years) and garbage (median 11; percentile 5th – 95th: 0.5 – 22.5 years). They were 
assigned to the group of garbage collectors. Formerly exposed workers (n = 26; 
median time elapsed since end of exposure 11 years) were considered as control 
subjects. In wastewater workers, use of personal protective equipment was 
assessed at baseline. Suitable masks were defined as personal protective 
equipment worn for at least 50 % of the working time and maintained correctly.  
Spirometry was carried out as described previously [4] and results assessed 
independently by two physicians according to the ATS criteria.[25] Predicted values 
of forced expiratory volume in the 1st second (FEV1% pred) and the lower limit of 
normal (LLN; 5th percentile) of FEV1 and FEV1/FVC were calculated according to 
Quanjer et al.[26] 
Methods for determining serum creatinine (S-creatinine), CC16 and SP-A 
concentrations have been described.[4, 27] Aliquots from a large pool of frozen 
serum were used for quality control throughout the study (interassay coefficients of 
variation of 19 and 27 % for CC16 and SP-A, respectively). As the study was 
planned, technical reasons precluded determinations of SP-D. Hence, all SP-D 
determinations from the baseline and the last examinations were carried out 
together from June to September 2008 and January to March 2009 on serum 
samples frozen at - 20°C and already thawed once for the determination of another 
lung-specific protein. Determinations were performed by ELISA (BioVendor, 
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Modrice, Czech Republic) according to the manufacturer’s instructions and quality 
controls (variation coefficients of 15 and 26 % for low and high concentrations, 
respectively). SP-B concentrations were determined by ELISA.[4, 28] As the 
antibody used at baseline (Rb α hum SP-B; AB 3436; CHEMICON International 
Inc., Temecula California, U.S.A.) was no longer available at the end of follow-up, a 
rabbit anti-sheep SP-B polyclonal antibody (CHEMICON International Inc.) had to 
be used instead. Analyses of all lung-specific proteins were carried out in batches 
comprising samples from exposed and control workers. Because of blood sampling 
refusals, dropping out of the study, and technical reasons CC16, SP-A, SP-B, and 
SP-D analyses were available both at the 1st and the 5th examinations for 547, 522, 
546, and 549 subjects, respectively. Changes (Δ) in lung-specific protein 
concentration during follow-up were calculated as concentration at the first minus 
concentration at the 5th examination. 
After liquid-liquid extraction of alkalinized urine (NaOH 8N) cotinine concentration 
was measured with high performance liquid chromatography-diode array detection. 
Limit of quantification was 0.05 mg/l and variation coefficient < 10 % for values 
higher than 0.2 mg/l. Samples below the limit of detection were attributed a 
concentration equal to half that limit. 
Data analyses 
If necessary, logarithmic transformations were done or non parametric tests used. 
Linear multiple regression models were laid down before study beginning. 
Dependent variables were slope of FEV1 calculated with linear regression using all 
measurements available for every subject,[29] and FEV1/FVC or lung-specific 
proteins at the 5th examination. Independent variables were baseline value of the 
dependent variable, age (years), sex (0/1: male/female), height (metres; not 
included for FEV1/FVC), pack-years, time elapsed since smoking cessation (years), 
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asthma and/or symptoms of bronchitis (0/1: absent/present), BMI, S-creatinine 
(lung-specific proteins only), and exposure. Previous or current work as a farmer as 
recorded at baseline (no/yes: 0/1) was considered as a possible confounder 
because many workers had ever been farmer.[4] Time since beginning of the study 
was taken into account only if duration of exposure was not considered 
simultaneously to avoid collinearity.  
Exposure type was defined as exposure to wastewater or garbage at baseline 
(no/yes = 0/1). Duration of exposure during follow-up is given in weeks.  Two further 
exposure indicators were available for wastewater workers only. Occurrence of 
splashes during follow-up was coded from 0 to 2 (never exposed to sewage, never 
more than 20 splashes of raw sewage in any job, at least one job with more than 20 
splashes). Exposure to raw sewage during follow-up (never exposed, exposure ≤ 5 
times monthly or more than 5 times monthly in at least one job, coded from 0 to 2). 
Collinearity and residuals of the final regression models were always examined. To 
consider the issue of clusters of repeated observations on the same units over time 
in longitudinal data random coefficient models had been applied using the same set 
of independent variables as above plus the follow up time variable as an 
independent one. All calculations were done with SAS statistical software (version 
9.2; SAS Institute Inc., Cary, NC, USA). 
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RESULTS 
Median interval was 60 (n=700), 46 (n=676), 52 (n=642), and 52 (n=603) weeks 
between the first and second, second and third, third and fourth, and fourth and fifth 
examination. The shortest and longest total length of follow-up was 8 and 270 
weeks, respectively (median: 196 weeks). 
 
 
Table 1. Characteristics of the study population classified according to current exposure at the 
baseline examination 
 
 Exposure group: 
 Control Wastewater Garbage  
 (n = 395) (n=316) (n=67) 
 
 Baseline examination 
Age (years) 42 (22-59) 47 (30-60) 43 (27-57) 
Male sex 367 (93) 315 (99) 66 (99) 
Education level 
 low 74 (19) 39 (12) 30 (45) 
 middle 302 (77) 274 (87) 37 (55) 
 high 15 (4) 3 (1) 0 
Swiss nationality 319 (81) 286 (91) 39 (58) 
Smoking 
 Never smoker 169 (43) 97 (31) 17 (17) 
 Ex-smoker 89 (23) 95 (30) 21 (32) 
 Current smoker 136 (35) 124 (39) 34 (51) 
 Pack-years (in 
 smokers only) 16 (1-66) 20 (1-64) 20 (1-60) 
 Time since giving up 
 smoking (years)  (ex- 
 smokers only) 10 (0-35) 15 (1-32) 6 (1-30) 
Height (m) 1.75 (1.63-1.86) 1.75 (1.65-1.86) 1.72 (1.63-1.86) 
Weight (kg) 78 (60-103) 81 (65-110) 80 (63-102) 
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BMI (kg/m2) 25 (21-32) 26 (22-34) 26 (21-33) 
Symptoms of bronchitis  64 (16) 30 (10) 12 (18) 
Wheezing 48 (12) 38 (12) 8 (13) 
Dyspnoea on exertion  53 (13) 25 (8)  2 (3) 
Ever asthma  40 (10) 22 (7)  5 (7) 
Current asthma  14 (4) 7 (2)   1 (1) 
FEV1 (% pred) 98.0 (77.6-117.8) 100.2 (78.9-119.7) 93.3 (77.7-116.7) 
FEV1/FVC (%) 81.4 (69.8-89.6) 80.2 (68.4-88.1) 79.9 (65.4-87.7) 
Duration of follow-up 
(weeks) 192 (30-250) 204 (56-250)  196 (94-258) 
Duration of exposure 
during follow-up (weeks) 
Wastewater    0 202 (56-250)     0 (0-204) 
Garbage    0     0  192 (94-258) 
Lifelong exposure at 
baseline (years) 
Wastewater    0 11 (1-28)    0 (0-16) 
Garbage    0   0  10 (0.5-21) 
 
Figures are median (5th–95th percentile) or number (percent).  
Exposure during follow-up is the number of weeks since baseline until the end of the study, 
leaving the study, or changing job. 
Because of job changes or mixed functions some garbage workers had also some exposure 
to wastewater. 
The twenty-six workers with only former exposure were included in the control group. In 
these workers, time elapsed since last exposure to wastewater or garbage was fairly long 
(25th percentile, median and upper limit of range: 3, 11, and 31 years, respectively). 
 
 
Median duration of exposure is given in table 1. Possibly endotoxin-related 
symptoms occurred seldom.[4, 30] Mean exposure to endotoxin measured by 
personal and stationary sampling varied considerably in wastewater workers with 
peaks up to 500 EU/m3 in special tasks, whereas it was low in garbage collectors 
(mean values < 12 EU/m3). The highest exposures amounted to 26, 51 and 141 
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EU/m3 in garbage collectors, gardeners, and forestry workers, respectively.[31, 32] 
During follow-up exposure changes were recorded in 16 workers (10 wastewater, 
five garbage, and one worker with both exposures).  
From the 778 subjects having entered the study at baseline (table 1), 603 
participated during the whole study, 132 left (other employer), 34 did not have a final 
examination (organizational reasons, sick leave or retirement), and 9 refused further 
examination. The proportion of subjects staying in the study until the end of follow-
up was very similar in all three exposure groups (77, 78 and 78 %, respectively, p = 
0.9). At baseline, subjects dropping out did not differ significantly from the other 
workers with respect to age, educational level, nationality, smoking, pack-years, 
BMI, symptoms of bronchitis, wheezing, current or ever asthma (p > 0.3). Women 
and workers with dyspnoea on exertion dropped out slightly more often (p = 0.06 
and 0.05, respectively). In contrast, a major difference between workers participating 
until the end of the study and those leaving before was job change during follow-up 
because of any health problem (2 % and 28 %, respectively; p < 0.0001). Therefore, 
the respiratory and occupational characteristics of the latter subgroup were 
examined in more details. A borderline trend for garbage collectors leaving more 
often because of any health problem was found (χ2 test; p = 0.09; n = 9). However, 
duration of exposure hardly differed (table 2). Although some trends were 
suggestive, they were weak and did not support a major healthy worker effect 
related to respiratory health (table 2). An examination of the medical files disclosed 
three cases changing jobs having a diagnosis of respiratory disease (asthma, back 
pain, and BMI = 43.6 kg/m2 in one case and back pain, chronic bronchitis, and 
asthma-like symptoms in the other case). However, a possible relationship with 
occupational exposure was recorded in the third case only (chronic sinusitis, chronic 
otitis and asthma in a garbage collector exposed to dust).  
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Table 2. Baseline characteristics of workers changing job during follow-up because of any 
health problem 
 
 Job change during follow-up because of any health problem 
 no (n=692) yes (n=56) p 
Variable at baseline 
 
Age (years) 44 (24-59) 43 (23-59) 0.9 
Exposure (years) 
Wastewater * 11 (0.5-27) (n = 306) 10 (1-28) (n = 23) 0.9 
Garbage * 10 (0.5-23) (n = 54)   9 (1-20) (n = 9) 0.7 
Duration of follow-up (years) 3.8 (1.1-4.9) 2.8 (0.5-4.9) < 0.0001 
 
Respiratory symptoms and lung function 
Wheezing 81 (12) 10 (19) 0.2 
Dyspnoea on exertion  66 (10) 11 (20) 0.02 
Symptoms of bronchitis 94 (14) 10 (18) 0.3 
Ever asthma 59 (9)   5 (9) 0.8 
Current asthma 17 (2)   3 (5) 0.2 
FEV1 % pred 100 (79-119) 92 (73-118) 0.01 
FEV1 slope (ml/year) † -55 (-174-49) -81 (-278-43) 0.2 
FEV1/FVC (%) 81 (69-89) 80 (68-88) 0.1 
FEV1 < 5th percentile 27 (4)    4 (7) 0.3 
FEV1/FVC < 5th percentile 18 (3)   4 (7) 0.08 
 
Lung-specific proteins 
CC16 (μg/l) 9.3 (4.1-19.0) 9.6 (4.6-15.7) 0.7 
SP-A (arbitrary units) 0.87 (0.32-3.74) 0.88 (0.35-4.06) 1.0 
SP-D (ng/ml) 74.5 (29.9-181.2) 76.7 (19.4-177.5) 0.9 
 
Other characteristics 
 Lowest education level 119 (17) 16 (29) 0.06 
Current cigarette smoking 212 (31) 23 (42) 0.3 
Pack-years (only in  
ever cigarette smokers) 18 (1-63) 20 (1-55) 0.8 
BMI (kg/m2) 25.8 (20.9- 33.0) 27.3 (21.1 – 41.2) 0.008 
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Figures are median (5th-95th percentile) or number (percent). 
p: level of statistical significance calculated with χ2 test, Fisher’s exact test, or Wilcoxon 2-
sample test, as appropriate 
* Calculations restricted to workers exposed to garbage and waste water at baseline, 
respectively 
† Calculations based on all measurements available during the follow-up of each subject 
 
 
 
Sixteen ex- or never smokers began or resumed and 36 smokers stopped smoking 
during follow-up. Using urinary cotinine as gold standard, clinical history of smoking 
was fairly reliable with positive and negative predictive values of 85 and 94 %. 
New onset dyspnoea on exertion (n = 17) was found somewhat more often in 
garbage collectors (n = 5). However, 45 subjects having reported dyspnoea on 
exertion at baseline did not report it at the last examination making the incidence of 
this symptom difficult to interpret. Twelve subjects without asthma at baseline 
reported incident asthma but no association with exposure was found (χ2 test; p > 
0.4). Only 7 cases were confirmed by a physician (4 control subjects and 3 
wastewater workers). Symptoms of bronchitis were reported at follow-up by 35 
workers without such symptoms at baseline. Cigarette smoking at baseline (χ2; p = 
0.04) but not exposure group (χ2; p > 0.5) were associated with these symptoms. 
Conversely, symptoms of bronchitis were no longer reported by 62 workers at the 5th 
examination. New onset chronic bronchitis (n = 17) was associated with cigarette 
smoking but not with exposure category. 
No statistically significant difference was found between acceptable but 
nonreproducible FEV1% pred and the reproducible ones (p > 0.3) at any 
examination. Therefore, nonreproducible results were included in the calculations 
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unless explicitly stated otherwise. Changes of FEV1 during follow-up are shown in 
table 3. 
During follow-up FEV1 and FEV1/FVC decreased below the LLN in 26 and 25 
workers, respectively. No association with occupational exposure was found (p > 
0.4).  
Analyses with random coefficient models showed expected correlations with gender, 
age, time, pack-years, and clinical history of asthma and/or bronchitis (table 4). No 
relevant effect of exposure was found. Including in the same model duration of 
exposure and splashes or duration of exposure and contact with raw sewage hardly 
altered the partial coefficients (details not shown) and did not show a relevant effect 
of occupational exposure. 
Overall, multiple linear regressions using FEV1 slope or FEV1/FVC at last 
examination as outcomes produced similar results with the exception of the variable 
“currently asthma and/or symptoms of bronchitis” (not significant) and height (no 
effect on FEV1 probably because of collinearity). Importantly, neither approach 
pointed consistently to a statistically significant influence of occupational exposure 
either for FEV1/FVC or for FEV1 and this held true for all four exposure metrics 
(exposure category, duration, duration and exposure to raw sewage, duration and 
exposure to splashes).
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Table 3 Changes in FEV1 and lung-specific proteins during follow-up 
 
    Control   wastewater   garbage   p 
    workers   workers   workers 
FEV1 slope (ml/year) 
 Never smokers - 44 (- 181, 109)  - 54 (- 147, 16)  - 27 (- 72, 39)   0.05 
    n=146    n=88    n=9 
 Ex-smokers  - 55 (- 171, 62)  - 58 (- 176, 22)  - 60 (- 227, - 2)  0.6 
    n=79    n=87    n=17 
 Current smokers - 58 (- 213, 119)  - 58 (- 162, 30)  - 60 (- 162, 49)  0.9 
    n=118    n=99    n=31 
 
ΔCC16 (μg/l) 
 Never smokers - 0.60 (- 8.80, 8.80)  0.85 (- 5.70, 12.10)  0.6 (- 1.70, 8.30)  0.1 
    n=118    n=76    n=6 
 Ex-smokers  0.10 (- 7.40, 6.30)  0.30 (- 7.10, 10.50)  1.0 (- 3.80, 6.90)  0.3 
    n=65    n=70    n=18 
 Current smokers - 0.80 (- 7.80, 6.0)  0.65 (- 6.80, 10.70)  1.90 (- 5.90, 9.90)  0.05 
    n=89    n=82    n=22 
 
ΔSPA (arbitrary units) 
 Never smokers - 0.01 (- 2.19, 4.31)  - 0.10 (- 1.22, 3.80)  - 0.16 (- 057, 1.17)  0.9 
    n=112    n=68    n=6 
 Ex-smokers  - 0.05 (- 1.77, 2.15)  - 0.05 (- 1.34, 1.97)  0.05 (- 0.65, 1.04)  0.8 
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    n=63    n=68    n=17 
 Current smokers 0.04 (- 1.06, 1.45)  0.09 (- 1.39, 3.03)  0.09 (- 0.82, 1.99)  0.9 
    n=83    n=82    n=22 
 
ΔSPD (ng/ml) 
 Never smokers -14.35 (- 73.70, 50.20) - 6.80 (- 72.16, 47.50) - 4.35 (- 115.20, 38.70) 0.4 
    n=122    n=76    n=6 
 Ex-smokers  - 4.40 (- 55.20, 30.40) - 18.30 (- 115.20, 57.40) - 5.15 (- 146.4, 45.90) 0.2 
    n=63    n=71    n=18 
 Current smokers - 5.40 (- 79.20, 64.20) - 11.50 (- 121.0, 77.90) 0.20 (- 101.20, 72.60) 0.4 
    n=88    n=81    n=23 
Figures are median and 5th and 95th percentiles. 
n: subgroup size. No FEV1 slope was available in 103 subjects (no valid measure at baseline, drop out after baseline, acceptability criteria not 
met). CC16, SP-A and SP-D: some determinations are missing (see methods) 
p: level of significance of the differences between occupational subgroups in the same smoking category (Kruskal-Wallis test). 
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Table 4 Fixed effects on FEV1 and FEV1/FVC (random coefficient models) 
 
Model 1 Model 2 Model 3 Model 4 
FEV1 FEV1 FEV1/FVC FEV1/FVC 
 (n = 669) (n = 660) (n = 657) (n = 648) 
 
Intercept - 1.34 - 1.27 82.5 82.8  
 0.009 0.01 < 0.0001 < 0.0001 
 
Time between - 0.06 - 0.06 - 0.88 - 0.88 
examinations (year) < 0.0001 < 0.0001 < 0.0001 < 0.0001 
 
Gender 
(male=0; - 0.53 - 0.53 0.66 0.69 
female=1) < 0.0001 < 0.0001 0.6 0.6 
 
Age - 0.02 - 0.03 - 0.14 - 0.14 
(years) < 0.0001 < 0.0001 < 0.0001 < 0.0001 
 
Height 3.68 3.66 NI NI 
(meters) < 0.0001 < 0.0001   
 
Pack-years - 0.01 - 0.01 - 0.07 - 0.07 
(number) < 0.0001 < 0.0001 < 0.0001 < 0.0001 
 
Time since 
smoking cessation 0.002 0.002 0.03 0.03 
(years) 0.4 0.3 0.3 0.3 
 
BMI - 0.01 - 0.01 0.20 0.18 
(kg/m2) 0.06 0.04 0.001 0.003 
 
Currently asthma and/or 
symptoms of  
bronchitis - 0.18 - 0.18 - 2.10 - 2.13 
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(no=0; yes=1) 0.0003 0.0005 0.001 0.0009 
 
Exposure to 
bioaerosols from: 
- wastewater 0.08  0.0004  - 0.97 - 0.004 
 0.04 0.03 0.04 0.06 
 
- garbage  - 0.11  - 0.0005 - 1.11 - 0.005 
 0.07 0.1 0.2 0.2 
 
- farming - 0.03 - 0.02 - 1.4 - 1.25 
 0.6 0.7 0.03 0.06 
 
 
Figures indicate the fixed partial regression coefficient with its corresponding significance 
level. NA: not applicable, NI: not included in this run 
The models differ according to outcome and indicator of exposure to wastewater and 
garbage. Outcome is FEV1 or FEV1/FVC in models 1 and 2 or 3 and 4, respectively. With 
respect to exposure, working as a garbage collector or wastewater worker (yes/no) at 
baseline is used in models 1 and 3, whereas duration of exposure to bioaerosols during 
follow-up is used in models 2 and 4. All calculations were done with random coefficient 
models. 
Farming: always defined as “ever worked as a farmer” (see methods) 
 
Regarding SP-B, a satisfactory quality control could not be maintained and results of 
measurements carried out with the new antigen at follow-up did not correlate at all 
with those performed at baseline in the same subject (Spearman ρ = 0.04; p = 0.4), 
which differed greatly from the other lung-specific proteins (see below). Therefore, 
SP-B was excluded from further analyses. 
Concentrations of lung-specific proteins at the baseline and the last examination 
were correlated (r = 0.40, 0.25, and 0.60 for CC16, SP-A, and SP-D, respectively; n 
= 547, 522, and 549; p < 0.0001). 
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In multiple regressions regarding lung-specific proteins the same exposure metrics 
as previously were examined. As expected, pack-years decreased (p < 0.0004) 
whereas S-creatinine increased (p < 0.0008) CC16 concentration at the 5th 
examination, which is in line with the baseline examination. However, in contrast to 
the baseline examination exposure as a wasteworker worker, exposure to splashes 
or to raw sewage decreased CC16 concentration (all exposure indices with p < 
0.02). Moreover, collinearity impeded interpretation of results from the models 
including duration of exposure with splashes or raw sewage. No effect of exposure 
to garbage dust was found. Adjusted R2 were about 0.22, with CC16 at baseline 
playing a major role (R2 = 0.17). 
Multiple regressions showed a statistically significant association between SP-D at 
the 5th examination and exposure as a wastewater worker at the beginning of the 
follow-up, exposure to raw sewage or exposure to splashes during follow-up (table 
5), which agrees with the results of the baseline examination.[31] Duration of 
exposure during follow-up had no significant and consistent effect. R2 was about 
0.39. However, the largest part of the variance was explained by SP-D 
concentration at baseline (adjusted R2 = 0.37). The positive correlation with wearing 
a mask found at baseline became non significant (p = 0.7). However, some 
collinearity was present in the latter calculations. 
SP-A was inversely associated both with work and duration of exposure as a 
garbage collector. No association with wastewater exposure was found. The 
distribution of the residuals was somewhat less satisfactory than with SP-D and the 
adjusted R2 remained weak (< 0.10). 
Concentration changes during follow-up hardly differed between the highly selected 
subgroup of never smokers without cough, expectoration, dyspnoea, wheezing, any 
asthma, history of lung disease, and with measured FVC, FEV1, and FEV1/FVC ≥ 
5th percentile and normal S-creatinine (< 141 μmol/l) and in those not fulfilling these  
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Table 5 Determinants of SP-D (log transformed) 
 
Model 1 Model 2 Model 3  
 (n = 538) (n = 532) (n = 532)  
 
Intercept 0.98 1.04 1.01   
 < 0.0001 < 0.0001 < 0.0001  
 
Baseline SP-D 0.58 0.57 0.57  
concentration < 0.0001 < 0.0001 < 0.0001  
 
Gender 
(male=0; 0.04 0.03 0.04  
female=1) 0.4 0.5 0.4  
 
Age - 0.0006 - 0.0006 - 0.0006  
(years) 0.6 0.6 0.5  
 
Height 0.13 0.11 0.11  
(meters) 0.3 0.4 0.4  
 
Pack-years 0.002 0.002 0.002  
(number) 0.001 0.001 0.002  
 
Time since 
smoking cessation - 0.001 - 0.001 - 0.001  
(years) 0.4 0.4 0.3  
 
BMI - 0.01 - 0.01 - 0.006  
(kg/m2) 0.01 0.009 0.008  
 
Currently asthma and/or 
symptoms of  
bronchitis - 0.02 - 0.02 - 0.02  
(no=0; yes=1) 0.4 0.4 0.4  
 
Creatinine 0.0004 0.0003 0.0004  
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(μmol/l) 0.5 0.6 0.6  
 
Duration of follow-up - 0.06 - 0.06 - 0.06  
(years) 0.001 0.0009 0.001  
 
Exposure to 
bioaerosols from: 
- wastewater 0.05  0.03  0.03  
 0.008 0.03 0.003  
 
- garbage  - 0.02  NA NA  
 0.4    
 
- farming - 0.04 - 0.04 - 0.04  
 0.08 0.08 0.09  
 
Adjusted R2 0.39 0.39 0.40  
 
Figures indicate the partial regression coefficient with its corresponding significance level. All 
SP-D concentrations are log transformed. NA: not applicable. 
The models differ according to indicators of exposure. Model 1: current exposure to garbage 
or sewage at baseline (yes/no); model 2: frequency of splashes of wastewater during follow-
up; model 3: frequency of exposure to raw sewage during follow-up. 
Farming: ever worked as a farmer (see methods) 
 
 
requirements (Wilcoxon test; p > 0.5). In univariate analyses, ΔCC16, ΔSP-A, and 
ΔSP-D did not show clear trends according to exposure (Table 3). Multiple 
regressions with change of pneumoprotein concentrations during follow-up as the 
dependent variable gave results similar to those based on the concentrations at the 
5th examination (details not shown).  With respect to SP-A residuals and/or 
collinearity precluded meaningful statistical analyses. 
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Some further analyses were done to look for biases. Resorting to a control group 
comprised of four different subgroups makes a selection bias of control subjects 
unlikely. Moreover, the prevalence of several respiratory symptoms and asthma 
could be compared with the results of the SAPALDIA study.[21-23] Although these 
comparisons are fairly crude no clue to prevalences higher than expected in the 
control group could be identified. This does not support the selection of an unhealthy 
control group masking the increased incidence in the exposed groups. 
FEV1% pred and FEV1/FVC were not associated with the number of available 
spirometric examinations (p > 0.1) and FEV1% pred did not correlate with the time 
the worker stayed in the study (Spearman ρ = 0.06; p > 0.1). The slope of the 
regression line calculated for workers without any missing examination did not differ 
from that of workers with one or more missing examinations (Wilcoxon test; p = 0.3). 
Thus, a selective loss of workers with reduced pulmonary function is unlikely. 
Excluding the two plants with low participation in the main random coefficient or 
multiple regression models gave similar results. Substituting cotinine concentration 
for pack-years in the regression models did not change the results regarding lung-
specific proteins. In some further analyses regarding SP-A, the variables asthma 
(current or ever) [27] were included instead of asthma and/or symptoms of bronchitis 
without changing the results. All Spearman correlation coefficients between lung-
specific proteins and FEV1, FEV1 slope and FEV1/FVC were weak (- 0.15 ≤ 
Spearman ρ ≤ 0.16).  
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DISCUSSION 
The study was undertaken to examine effects of exposure to bioaerosols on the 
respiratory health of garbage collectors and wastewater workers. It was designed as 
a 5-year prospective cohort study with the outcomes respiratory symptoms, 
obstructive airway disease, and measurements of serum lung-specific proteins. A 
healthy worker survivor effect was looked for. 
There was some limited indication of a healthy survivor worker effect. Indeed, 
workers leaving the study tended slightly to have more respiratory symptoms and 
slightly lower spirometry results. However, leaving the study was also associated 
with smoking, BMI, and education level. In fact, no one left only because of a clearly 
established occupational respiratory disease, FEV1% pred was not associated with 
the number of examinations in which the workers participated,[33] and the FEV1 
decline was similar in workers participating in all examinations and those staying in 
the study for less than five years. Overall, these findings do not support a 
pronounced healthy survivor worker effect due to of an association between 
occupational bioaerosol exposure and respiratory disease.  
Contrary to the hypothesis, new onset symptoms of bronchitis, asthma, and 
dyspnoea were not associated with exposure category, in particular with exposure to 
garbage dust as described previously in Switzerland,[34] and FEV1% pred and 
FEV1/FVC were not decreased in subjects exposed to bioaerosols. This is in line 
with the results from the baseline part of the study, which used life long exposure 
duration as exposure metrics.[4, 27, 31] A bias because of the low participation of 
one group of garbage collectors is unlikely to explain these negative findings. 
Indeed, nonparticipating garbage collectors from the plant with low participation had 
the same jobs as those participating, making an association between participation, 
exposure and outcome unlikely.  
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Power and natural test variability are unlikely to explain the lack of difference 
between garbage collectors and unexposed subjects, too. Regarding power, the 
study had a 90 % power to detect a clinically relevant difference in CC16 
concentration by comparing 50 control and 50 garbage workers.[4] Furthermore, a 
posteriori power calculations show that a reduction of 10 % of the FEV1 could still 
be detected with a significance level of 0.05 and a power of about 90 % with 52 
garbage collectors and 304 controls (assuming a cross-sectional comparison, a 
mean FEV1 of 4.1 litre, and a standard deviation of 0.8 litre according to the Swiss 
SAPALDIA study).[22] Regarding natural test variability, care was taken to measure 
FEV1 yearly over 5 years, which represents a reliable approach.[35, 36] Selection 
bias remains a possibility but no clear pattern regarding age, gender, or nationality 
appeared when participating and non participating workers from the plants with low 
participation were compared. The most likely explanation is that no effect was found 
because the exposure was in the lower range of the dose-effect relationship. 
Indeed, according to clinical history, exposure to endotoxin was low in this cohort.[4,  
30] 
The association between exposure and SP-D was consistent with the hypothesis of 
increased permeability of the lung-blood barrier and in line with the results from the 
baseline examination.[31] However, the effect of exposure was statistically 
significant but very limited as most of the variance was explained by SP-D 
concentration at baseline. As studies have shown that low lipopolysaccharide or 
lipoteichoic acid concentrations are capable of causing a subclinical inflammatory 
reaction [12, 19] it may be assumed that the weak effect observed is due to the 
subjects being exposed in the lower and subclinical part of the dose-response curve. 
The slight increase found in wastewater workers may be due to the short but high 
exposures to endotoxin during special tasks. An alternative explanation might be an 
increased SP-D synthesis to keep the lung in an uninflamed state despite daily 
exposure to microbes and their derivatives.[9-11] It may be assumed that smoking 
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damages Clara cells whereby the serum CC16 concentration decreases. By 
contrast, smoking increases SP-D by damaging lung epithelial barrier. 
CC16 has been found a useful test in some occupational and environmental 
settings,[18, 37-39] which was not confirmed in this study. Indeed, the weak positive 
association described at baseline became negative at the end of follow-up 
suggesting spurious associations. The low exposure levels, nondifferential 
misclassifications due to dependence on kidney function even at rather low S-
creatinine concentrations, and time dependence are likely explanations. 
Unfortunately, time dependence was not considered in the protocol because it was 
not known at the beginning of the study.[40] With respect to SP- B the reproducibility 
reported by Doyle et al. [28] could not be maintained throughout the study. 
Moreover, the lack of correlation between the results from the 1st and the 5th 
examination suggests that the antigen used may influence the results. Further study 
seems required before applying this determination in epidemiological studies. This 
may also hold true for SP-A the determination of which was not possible in 37 cases 
because of non-identifiable analytical problems.[27] Overall, the results of this study 
do not support the routine use of these lung-specific proteins for detecting 
subclinical damage in garbage collectors or wastewater workers at these low 
exposure levels.  
The results of this study are in line with most recent studies in similar populations, 
which did not find consistent, clear, statistically significant, and clinically relevant 
differences in respiratory health between garbage collectors, wastewater workers 
and non exposed subjects.[3, 5, 7] One exception is the work by Thorn et al.[6] 
Although these authors reported odds ratios possibly inflated by overreporting 
and/or selection bias, these odds ratios were unlikely to be easily explained only by 
bias, suggesting a true difference in working conditions (organic dust toxic syndrome 
occurred much more often). 
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On the whole, the results of this study suggest good working conditions playing in 
this population no clinically relevant effect unlike smoking and obesity which do 
cause unfavourable changes in lung function. Some modest changes in lung-
specific proteins, especially serum SP-D, might be compatible with a subclinical 
effect of exposure to bioaerosols but these effects are minor and of doubtful clinical 
relevance. However, as the exposure to endotoxin was low, these results may not 
be generalizable to populations with less satisfactory working conditions. In 
everyday practice it would be important to give more weight to prevention of obesity 
and smoking without relaxing efforts to maintain good working conditions.  
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Appendix: definition of symptoms 
Symptoms of bronchitis: positive response to one of the questions “Do you usually 
cough during the day, or at night?” and/or “Do you usually bring up any phlegm from 
your chest during the day, or at night?” Chronic bronchitis is cough and/or phlegm 
at most days for at least 3 months per year for 2 years or more. Dyspnoea on 
exertion: positive answer to the question “Are you troubled by shortness of breath 
when hurrying on level ground or walking up a slight hill?” Ever asthma: positive 
response to both questions “Have you ever had asthma” and “Was this confirmed 
by a doctor?” Current asthma: positive answer to at least one of the two following 
questions as well: “Are you currently taking any medicine for asthma” or “Have you 
had an attack of asthma in the last 12 months”. 
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